Summary. Since 1970, the number of heat flow observations in the Red Sea has increased fivefold. A new heat flow map is presented together with a table of observations. The new data confirm that the whole of the Red Sea is associated with high heat flow. The observations within 5 km distance of the deepest water of the axial trough have a mean of 467 mW m-' (i.e. about eight times the world mean) and the observations from 50 to 170 km from the axial deep water have a mean of 11 1 mWm-' (i.e. about twice the world mean). The heat flow distribution is thus typical of that associated with an active spreading centre. The observations are difficult to assess and interpret in detail because of the complex sedimentary and tectonic environment. The high heat flow extends at least as far as the Red Sea coasts.
Introduction
There is considerable interest in the heat flow in the Red Sea due to the fact that the Red Sea represents an early stage in the break-up of the continental plates and their subsequent movement apart.
In 1970, there were 12 measurements made with heat-flow probes from survey ships and five estimates from temperature measurements in exploration boreholes (Girdler 1970) . The former have increased to 75 due to Haenal(1972) , Scheuch (1973) , and Girdler, Erickson & Von Herzen (1974) . The estimates for exploration boreholes have increased to 11 due to Evans & Tammemagi (1974) and Evans (1975) , with one of the earlier estimates of Girdler (1970) being revised (Evans 1975) . It therefore seems desirable to present an updated review.
Heat flow values
A new heat flow map of the Red Sea is shown in Fig. 1 . The map has been compiled from all measurements known to the authors at the end of 1975. In a few places where it is impossible to show all the values for reasons of space, a mean is given with the number of values Laughton (1970) . The dotted line is the 500 fathom (914 m) contour. used in parenthesis, the most important example being the region of the Atlantis Deep where a value of 972 mW m-* ( N = 14) is shown. The individual values may be obtained by reference to Table 1 where they are listed with their locations (latitudes and longitudes), water depths and original references.
The new oceanic values were made on the 1971 V A L D I V I A expedition (Haenel 1972 . In all cases, heat flow probes were used to measure temperatures, and thermal conductivity measurements were made on the sedimentary cores. In the first two cases, measurements were made over depths from 10 to 2 0 c m and in the last case from 0 to 160 m. The values given by Haenel (1972) include corrections ranging from -11 to +21 per cent for local topographic effects. A full account of the techniques used by the Deep Sea Drilling Project has been given by Erickson et al. (1975) . Evans (1975) Sclater (1966) Girdlk et 01.
( 1 974) The heat flow estimates from bottom hole temperature measurements provided by oil companies for exploration wells have been extended by Evans & Tammemagi (1974) and Evans (1975) . These are superior to the estimates of Girdler (1970) as samples were available for conductivity measurements whereas Girdler estimated thermal conductivities from the literature. Consequently, the value listed for Amber-1 has been revised (cfi Girdler 1970) upwards by about 10 per cent as 22 conductivity measurements were made on cuttings from this well (Evans 1975 ).
The new values include four for the Sudan coast and three for the Ethiopian coast. Of the former, the values for Dungunab-1 , Abu-Shagara-1 and Maghersun-1 are slightly different from those listed in the published literature (Evans & Tammemagi 1974 ) the revisions being due to Evans (1975) . It is noted that all 11 heat flow values estimated in this way for the Red Sea coastal regions are gratifyingly very similar averaging 1 16 f 5.3 mW m-2.
3 Some comments on the observations and their significance
The world mean heat flow is estimated to be 59 mWrne2 (Chapman & Pollack 1975) . It is seen from Table 1 that only seven of the 86 measurements are below this value. All these are in or near the deep axial trough where the heat flow is characteristically high (to more than 56 times the world mean). These few low measurements may be associated with transient thermal effects such as slumping of sediments such that only a proportion of the heat flow was measured. Alternatively, they may have been sited over the downgoing limbs of a hydrothermal convection cells. In general, the Red Sea is clearly a region of high heat flow, more than 90 per cent of the measurements exceeding the world mean, the high values extending to the coasts where they are nearly twice the world mean. To help assess the distribution of observations and aid the planning of future work, Fig. 2 shows mean values, standard errors and numbers of observations for two degree intervals of latitude. It is seen that by far the largest number of observations are for the interval 20-22" N where the very high mean value and large standard error 61 7 f 174 mW m-2 ( N = 24) reflects the large number of measurements in and near the hot brine pools. In contrast, there are no observations for the interval 26-28' N (cf: Fig. 1) . The lowest mean value 112 * 11 mWm-2 (N = 18) occurs for the interval 16-18" N where large thicknesses of evaporites are overlain by marls and extensive coral reefs (the Dahlak and Farisan Banks). Girder & Whitmarsh (1 974) have suggested that the evaporites may have flowed towards the axial trough due to gravitational instability. This would cause a transient cooling of the uppermost section of the central trough leading to the heat flow being underestimated (cf: Fig. 1 ). Clearly the interpretation of Red Sea heat flow is difficult due to the Red Sea's complex tectonic and sedimentary history. It seems likely that there has been at least two stages of sea floor spreading (Girder & Styles 1974). The first major phase of sea floor spreading was probably during the Oligocene. The oceanic crust was then covered by large thicknesses of Miocene evaporites and a new phase of spreading commenced in the late Miocene/early Pliocene. The new oceanic crust has therefore been intruding and heating the older oceanic crust and overlying sediments for the last five million years or so. In addition, as the older crust and evaporites fractured and moved apart, an unstable situation was produced with the evaporites flowing onto the new oceanic crust (Girder & Whitmarsh 1974) . This blanketing effect together with the possibility of hydrothermal circulation in the axial intrusive zone probably produces the great variability in the heat-flow observations near the centre of the Red Sea.
Conclusions
The greatly increased number of heat-flow observations enable the following main conclusions to be drawn:
(1) The whole of the Red Sea is a region of high heat flow. The heat flow over the axial region is 467 k 1 16 mW m-' (N = 38) and decreases to 11 1 f 5 mW m-' (N = 13) over the region from 50 to 170 km from the present spreading axis.
(2) The observations over the axial spreading zone are very variable, probably due to the effects of the flow of evaporites and to hydrothermal circulation in the intrusive zone.
(3) The heat flow along the coasts is consistently high at about 112 mW m-' and could provide a source of geothermal energy for Red Sea ports, temperatures of 100°C being reached at depths of less than 2 km.
